Introduction

26
Membrane bioreactor (MBR) technology integrates biodegradation by 27 activated sludge with direct solid-liquid separation by membrane filtration. The use of adsorbents such as activated carbon (AC) in conjunction with 10 biological wastewater treatment processes such as CASPs or MBRs can be also Ng et al., 2012) . Nevertheless, to date, ACs, in particular PAC, 21 have been used in conjunction with CASPs to treat recalcitrant wastewater streams 22 including industrial effluent (with inhibitory materials such as phenol, aniline or dye), 23 landfill leachate, and high salinity oil-field brine (Ng et al., 2006) . cost for membrane cleaning and/or membrane replacement by about 25% (Yang et al., 7 2010). In this way the operating cost for PAC dosing can be potentially offset by the 8 reduction in the cost for membrane maintenance, thus making the addition of ACs to 9 MBRs highly attractive.
10
As noted above, the use of adsorbents in combination with MBR technology 11 integrates adsorption and biodegradation of organic matter with membrane filtration However, some organic pollutants show greater adsorption than others. For example,
12
organics such as toluene and chlorinated organics that have a low solubility in waters 13 can be adsorbed by ACs more easily than the organics that are polar (Vyrides et induce severe PAC deposition on the membrane.
5
[ Table 1 ] 6 The efficiency of ACs in the removal of pollutants is also subject to the size of humic-carbohydrate-like higher-molecular weight pollutants (molecular weight: >50 22 kDa) were inadequately adsorbed by ACs, mainly granular activated carbon (GAC).
23
However, the case of lower-molecular weight organics seem to be rather worse.
24
Even though adsorption on ACs may lead to high removal of organics initially, 1 it is inevitable that their adsorption capacity will be exhausted over time (Magic- 
21
As noted earlier, the addition of adsorbents such as ACs to CASPs has been ACs and biomass needs to be studied further (Lin et al., 2011 Regarding the configuration of membranes, the majority of the available studies 7 operated hollow fibre membranes; however membranes in flat sheet configuration 8 have also been tested. More details can be found in Table 2 which shows combination 9 of different membrane configurations with ACs.
10
[ Table 2 ]
11
[ Table 3 ] 
Improved removal performance
13
Through selected references, Table 3 dissolved organic matter (DOM), which also exhibited higher hydrophobicity.
22
Prolonging the SRT, the effluent DOM became more hydrophilic which favored the 23 removal of high molecular weight (> 5 kDa) DOM mainly due to biodegradation by 24 well-acclimatized microorganisms (Ma et al., 2014 flocs located close to the membrane surface which are exposed to high shear owing to showed that the capillary suction time is also subject to the type of the PAC used.
18
Testing two different PACs, Iversen et al., (2009b) concluded that the capillary increased and peaked at 0.015 MPa on day 10 when PAC was added to the MBR.
13
The fact that the addition of ACs such as PAC or GAC does alleviate The addition of PAC to MBRs can adsorb EPS, SMP and colloids existing in 
20
In addition to PAC, the effect of GAC on membrane fouling has been studied conditions. The membrane resistance analysis finally showed that the addition of
10
GAC maintained pore blocking at a low level regardless of the aeration rate and the
11
MPF that were applied and also reduced the cake deposition on the membrane 12 surface. conventional MBRs is strongly-related to their ability to remove resistant pollutants. 
